TRA-imschips Chipfilm™-Il Technology Process

* Pre-process module (l)

— n-implant fine
i i porous Si
— anodic etching
— thermal annealing coarse
. porous Si
— epitaxial growth
* Device Integration sintered
porous Si
(sPS)

* Post-process module

— Trench etching
— Chip detachment
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TRA ims chips Chipfilm™-|l Technology Process

* Pre-process module (l)
— n-implant
— anodic etching
— thermal annealing
— epitaxial growth

Sintered
porous Si

* Device Integration

* Post-process module

— Trench etching
— Chip detachment

W R o] W
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TRA-imschips Chipfilm™-Il Technology Process

* Pre-process module (l)

— n-implant
— anodic etching CMOS layers

— thermal annealing
— epitaxial growth

* Device Integration

* Post-process module

— Trench etching
— Chip detachment
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TRA-imschips Chipfilm™-Il Technology Process

* Pre-process module (l)

— n-implant
— anodic etching RIE trenches

— thermal annealing / \
— epitaxial growth

* Device Integration

* Post-process module

— Trench etching
— Chip detachment
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TRA-imschips Chipfilm™-Il Technology Process

* Pre-process module (l)
— n-implant
— anodic etching
— thermal annealing
— epitaxial growth

* Device Integration

* Post-process module

— Trench etching
— Chip detachment

fracture of
specific anchors
(weak attachment)
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TRA-imschips Chipfilm™-Il Technology Process

* Pre-process module (l)

— n-implant ]
— anodic etching pick-force

— thermal annealing t

— epitaxial growth =

* Device Integration

* Post-process module

— Trench etching
— Chip detachment

fracture of
residual anchors
(detachment)

41 Ultra-Thin Chips: A New Paradigm 2/11 © IMS 2011



TRA-imschips Chipfilm™-Il Technology Process

* Pre-process module (I .

.p (1) pick & place
— n-implant
— anodic etching

=

— thermal annealing
— epitaxial growth

* Device Integration

* Post-process module

— Trench etching
— Chip detachment
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A ims chips Chipfilm™-|l Technology Process

* Pre-process module (l)
— n-implant
— anodic etching
— thermal annealing
— epitaxial growth

* Device Integration

* Post-process module |
: *“-"““i"’““‘““‘“‘““"‘g

— Trench etching — - —
— Chip detachment H
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TRA -ime chips Fabricated Ultra-Thin Chips

* Blanket Si wafers
— 675 um

* Blanket Chipfilm™ dies
— 18 um
— 8 um

* 0.8 ym CMOS bulk wafers

— 675 pm initial thickness
— 400 pm after back-grinding

— 20 ym
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TRAims chips Process Window ()

v Stable anchors during wafer processing

v Controlled anchor fracture for chip detachment
- Process Induced Stress (PIS)
- Externally Induced Stress (EIS)
- Force from pick & place tool

Warped 20 pm IC chip

* Sources of PIS
(Hm)

— Rapid thermal processing

— Wafer bow

— Mismatch of CMOS layers
-> thin chip warpage

40

20




THRA ‘ims chips Process Window (ll)

* Before etching the separation trenches

— Anchors are enclosed by substrate and device layers
-> Anchors are shielded from stress

PIS
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Process Window (ll)

* After etching of separation trenches
— Free lateral space for chip deformation due to PIS

-> High stress on anchors
2D-FEM simulation (ANSYS)

J PIS fracture limit

PIS + EIS

& ps I
| X X X X X X N X X )
strain - stress

Normalized Stress

—— Max. Principal Stress
- Lateral Normal Stress

Relative anchor position on chip




TRA imschips Process Window (lll)

* Uniform anchor array * Non-uniform anchor array
— After EIS remaining: — After EIS remaining:
— Outer ring of anchors — Outer ring of anchors
— Inner group of anchors
— Used for generic wafers — Pre-defined chip locations

N EEEREY
N N ERE N
8 8 00N * @
. seeee .
I8 % sesse ® .
: sesee '
P e e sneee

e e e e

s e e e
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TRA imschips Process Window (IV)

Diameter| Pitch | Trenching | Pick-yield Pick-yield
(um) (Mm) chip loss | (before EIS) | (after EIS)

target: 0% | target: 100% |target: 100%

1.0 100/50/25 | 0% 3% > 99%

* Pick-yield depends on:
— Design and pitch of anchor array
— Anchor dimensions (diameter)
— PIS (technology, chip thickness, layout)



TRA imschips Process Window (IV)

Diameter| Pitch | Trenching | Pick-yield Pick-yield
(Mm) (Mm) chip loss | (before EIS) | (after EIS)

target: 0% | target: 100% |target: 100%

1.0 100/50/25 | 0% 3% > 99%

* Pick-yield depends on:
— Design and pitch of anchor array
— Anchor dimensions (diameter)
— PIS (technology, chip thickness, layout)



TRAims chips Process Window (IV)

Diameter| Pitch | Trenching | Pick-yield Pick-yield
(Mm) (Mm) chip loss | (before EIS) | (after EIS)

target: 0% | target: 100% |target: 100%

10 | 50 | 0% | 2% | (>99%)

1.0 100/50/25 | 0% 3% > 99%

* Pick-yield depends on:
— Design and pitch of anchor array
— Anchor dimensions (diameter)
— PIS (technology, chip thickness, layout)

v EIS is essential for maximum pick-yield




TRA-ims chips Benchmarking

—&— \Wafer Thinning == Chipfilm

Minimum Thickness

Th|ckness Control

=\
&

Cost-of-Ownershlp

Special Equipment

\\

Surface Planarity

Process Flow Mechanical Properties

Si Crystallme Quality

- Technologies have different advantages

- Chipfilm™ will likely be aiming at applications different from wafer thinning
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Outline

53

Ultra-thin chips: the paradigm shift

Applications of ultra-thin chips
— Traditional, recent and potential future applications
— 3D ICs: Overcoming a bottleneck in CMOS scaling
— Systems-in-Foil (SiF): enabler for new applications

Ultra-thin chip fabrication
— Post-process wafer thinning
— Thin chips based on SOI
— Chipfilm™ technology

Characteristics of ultra-thin chips
— Warpage of thin chips
— Mechanical stability of thin chips
— Apparently anomalous piezoresistive effect

Constraints for circuit design

Conclusions

Ultra-Thin Chips: A New Paradigm 2/11

© IMS 2011



TRA ims chips Thin Chip Warpage ()

* Chip warpage becomes substantial if die is extremely thin
— Packaging becomes increasingly difficult
— Piezoresistive offset due to warpage

* Degree of warpage depends on chip layout

— Opportunity to tailor warpage
— by suitable layout ground rules ESTC 2010
— through layer and structural stress management

Test Chip Product Chip
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TRA ims chips Thin Chip Warpage (ll)

Chipfilm™ : Chipfilm™ 145

Back-Grinded

ASIC Chip
diyg ysal
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Thin Chip Warpage (lll)

Cylindrical

Spherical Twist

Product Chip ‘ Test Chip

Chipfilm™

Spherical
d~65pum

Twist & Spherical

Back-Grinded
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Twist & Spherical
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Ultra-thin chips: the paradigm shift

Applications of ultra-thin chips
— Traditional, recent and potential future applications
— 3D ICs: Overcoming a bottleneck in CMOS scaling
— Systems-in-Foil (SiF): enabler for new applications

Ultra-thin chip fabrication
— Post-process wafer thinning
— Thin chips based on SOI
— Chipfilm™ technology

Characteristics of ultra-thin chips
— Warpage of thin chips
— Mechanical stability of thin chips
— Apparently anomalous piezoresistive effect

Constraints for circuit design

Conclusions

Ultra-Thin Chips: A New Paradigm 2/11
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5 ims chips Mechanical Chip Stability

50um back-grinded (BG)*

50pum back-grinded with
plasma etch-relief (BG+)*

20pum Chipfilm™ IC layer
18um Chipfilm™ bare Si

)
o
N

B
©

* P. M. Heinze,

Int. Forum be-flexible,
Munich, 2008 (data trend lines).
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Nat. logarithm of fracture stress [In MPa]

v Chipfilm™ technology offers superior chip stability
IEDM 2010



T5Aims chips Mechanical Chip Stability

<110> —p

CDS =2.6 - 3.0GPa

CDS(63.2%)
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4.0 5.0 6.0 7.0 8.0 9.0
Nat. logarithm of fracture stress [In MPa]

v' Anchor array design has little effect on chip stability
IEDM 2010
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Ultra-thin chips: the paradigm shift

Applications of ultra-thin chips
— Traditional, recent and potential future applications
— 3D ICs: Overcoming a bottleneck in CMOS scaling
— Systems-in-Foil (SiF): enabler for new applications

Ultra-thin chip fabrication
— Post-process wafer thinning
— Thin chips based on SOI
— Chipfilm™ technology

Characteristics of ultra-thin chips
— Warpage of thin chips
— Mechanical stability of thin chips
— Apparently anomalous piezoresistive effect

Constraints for circuit design

Conclusions

Ultra-Thin Chips: A New Paradigm 2/11
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TRAims chips Piezoresistive Effect (I)

Issues with thin chip testing: : < but

* 4-point beam bending not applicable§
» Extremely small dimensions :
* Non-linear effects

Approach:

 Chip-tape glue assembly
* DUT bent to radius (R)

 Consistent with application
« Sample-sample variation

» Apparent stress at chip
surface unknown

100 MM — 7.5 mMm

v’ Apparent piezoresistive effect likely affected by assembly cpv 2009



Piezoresistive Effect (ll)

Stress (MPa) Stress* o, (MPa)
49 80 12|O 1(?0

PMOS-T

0 40 80 120 160 200 240 280

1000/R (mm-")




TRAims chips Piezoresistive Effect (lll)

* Different piezoresistive characteristics for Chipfilm™ vs. Bulk-Si

— Apparent superposition of biaxial stress components
— Viscoelastic glue transforms uniaxial into biaxial stress

0,= 0,(x,Y:R,0,)

=I11-o

* Piezoresistive effect depends on location on chip

— Non-linear dependence Al/l; vs. 0, i.e. 1 not constant !?
— Stress offsets Ao, and Ao, from flat assembly of warped chip

— Offset Ao, changes in test set up while Ao, does not !

IEDM 2009
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Piezoresistive Effect (I1V)

Stress* ¢, (MPa) Stress™ o, (MPa)
0 40 80 120 160200 240 280 4|0 80 120 160 200 240 28

40 1000/R (mm-1)
1000/R (mm-")
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Ultra-thin chips: the paradigm shift

Applications of ultra-thin chips
— Traditional, recent and potential future applications
— 3D ICs: Overcoming a bottleneck in CMOS scaling
— Systems-in-Foil (SiF): enabler for new applications

Ultra-thin chip fabrication
— Post-process wafer thinning
— Thin chips based on SOI
— Chipfilm™ technology

Characteristics of ultra-thin chips
— Warpage of thin chips
— Mechanical stability of thin chips
— Apparently anomalous piezoresistive effect

Constraints for circuit design

Conclusions
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© IMS 2011



1TRA -ims chips Constraints on Circuit Design (l)
Compressive ‘ Tensile Stress to fracture hCh'
15 - P l > \ M &= 2£
SELE " Thick Si Substrate . NMOS
~ . 5 ’,;\(Longltudlnal)
qé'J’ & = —\\EPMOS Stress: |o=¢-E
T 1 o= ¥ YV \ (Transversal)
e ] : i )
O 5 ' . NMOS }
= . \ (Transversal) h
5 10 ¢ i 5 | Chip
o . ! ! o=E-
= -15¢ 5 . PMOS 2R
— _203 . (Longitudinal)
A 1 Longitudinal ; Transversal i |
'25 I ; I I I ; |
Al, Au
-100 -50 O 50 100 150 200 250 = =11, ;-0
I Ho

Stress (MPa)

Here: [, (100)[011); T, (100)[011]




1TRA -ims chips Constraints on Circuit Design (ll)

Probability of Yield Loss . Process-corner based design:

64% 10% 4% 1% + Piezoresistive effect:
| | - -> Parameter shift

-

Gate Delay (ps)

- Pé.ram'etric yield Ibsé |

. —> Eff. proCess tolerance o
0 VA %50, o has impact on yield loss !

Relative Effective Variance 2. Improvements:

v Widened process corners
v Optimum FET layout
v' Compensation by design

ISSCC 2008



S chipe Constraints on Circuit Design (lll)

Mixed-Signal Circuit P47:

v 38,000 digital FETs (0°)
v 2,700 analog FETs (90°)
v’ Standby current set by current source

Radius (mm)
00 40 30 25 20
|

|| Operating Current
|| of Circuit P47

Chip detached
from tape at
--------------------------------------------- 20 mm radius

0° Orientation: @
90° Orientation: ¢

0 0.02 0.04 0.06

Inverse Radius (1/mm)

ISSCC 2008
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Ultra-thin chips: the paradigm shift

Applications of ultra-thin chips
— Traditional, recent and potential future applications
— 3D ICs: Overcoming a bottleneck in CMOS scaling
— Systems-in-Foil (SiF): enabler for new applications

Ultra-thin chip fabrication
— Post-process wafer thinning
— Thin chips based on SOI
— Chipfilm™ technology

Characteristics of ultra-thin chips
— Warpage of thin chips
— Mechanical stability of thin chips
— Apparently anomalous piezoresistive effect

Constraints for circuit design

Conclusions
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= “ims chips Conclusions

Ultra-thin chips will help to overcome various bottlenecks
and be the basis for new applications in silicon
technologies.

But: Ultra-thin chips and wafers call for new techniques in
wafer and chip processing and handling.

But: Ultra-thin chips have properties that are partly
different from those of thick silicon chips.

But: The differences in chip properties may call for their
appropriate consideration in circuit design.

Therefore: Ultra-thin chip technology represents a
paradigm shift in silicon technology.
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